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(54) ismozm u?mmttm-m&vitT)vs.i-/T)\,$-*ki-'( K«£fre#K*Jt^*¥/*s/* 

(si) imm 

imm^m *mcvmimmt. m^mm (a 

LD) ^IrfiJJBU T^S^/TH'S^ArM hy 
A Y ( A 1 2 Os/A l N ) XfcL 771/ 5 -«>A^M h 5 
4 K/T^5-»>A^df >- (oxy) -M b* ( A l 

n/a ion) ^mmwmwkwmmmmx' 
wzmsLxh. w&tvwm. tt,mti&&£mz. 

-tZ ttf%<. mtcXT -v Til*- y y ^£&*>. 9 
WBODRAMm»f«ffl^^'C5/^l4, mPSriWtft 




- - - ( 2 ) 

1 

f-y%!$.2tit:mwB±mzm.?mmm <ald> -h 

jS'CT/I'S^ (A 1 2O3) «tr;W5-^A-t^ 

h ( a 1 n > mffmmmimmmt^ 

&Z\t ftWlt ■?& D R AM* 

MMf-A-T^S-^A (TMA) £y-x#xfc LT 
3 0 0-4 5 0*Ct«H#L. Ig-^Jfs&t ( A 

ld> *^cr;P5^etr^5^«>A^ k« 
m 1 £fe©?>D r am* vrti/fwmjrm. 

4 5 0~6 0 0rfc:*SfcU (ALD) 

a LTS^m*is^^j£i-sgK^^tfit*« 1 fcE 20 
MfeZixtzv-xiixs&Mmzx*). w&tm (a 

(i. HJ^f-ZPT/l/S-^A (TMA) y-XfcH 2 0 

v-x&v. Nmv-xzmfcommnm. xxw 30 

X^ffi-CeSA^-fr, JJB^TMAV-XSgA, HzOy 
-XcSA&tf. NHa^xy-X^AW+iatC^-vtO 
5t*<O^Stt»*^^A§-^I.S*a4 tfE&OD RA 
M**;\-i^g!3i;fr&„ 

TMAy-x N n-s; % HzOy-X x ;<C— 5^ TMA 

y-x. ;\--^\ NH 3 y-xatx. ^-^sspbst 
izi^x±McoffifecoB2zw3i-rm3im4izmm(D 40 

DRAM^tj^Kj^fcrffi. 
[ft*JS7] ±EO^£ii£y-x#Xc£A»? 
tt, T^S-W^n?'! H (AlCla) V-XtHz 

o y-x&tf, n h 3 y-xsrBtso^faco^xAvi/ 

xmm-V$LKZ-£. ±MT>l>$.-VJ*?vyJ K ( A 1 
CI3) y-XjS[A x H 2 Oy— XfcXRTf. NHatfX 
V-x^cotyffllzrt-iScnizfrctt&imfoZfcAZ 
#Sfi!:£il4 (CfBfiOD R AM*^N"^^S?jt*ao 



" ^2 0 0 0-5 87 7-7 

2 

;P5^A^o5-f H ( A 1 C 1 3 ) V-X. 
H 2 OV-X. T7P5-^A^07-f K (Al 

C Is) V—X. rt—is^ NHsV—XRXf. rt—i?ff)& 

tzssmoD ram^-w^ibs:^. 

imm9 ) ±McoT^m.mt. mm < n 2 ) , r 

JU3> (argon) (Ar) x Xfi. *OJi>A (He) ff)0 

*>. wftdr-- ?x'h&m^4&tt$m.m\izs& 

imm 1 0 ] ¥&tm$i±izmnszmfs.-t&® 
v§ ; ±M<r)mmmi&±>\sm&iz®fe?& £ a t^?- 

^->-»lS$<l/v:^«ffl±a5tJS^^* (ALD)* 
aST'T-^S-^A-M h54 M A 1 N> Jl^jatt-?. 

-*>A3T4f5^->f h7>f k (a 1 on) mzmm-igt 

D RAM*^M-^ig^*a„ 

f (ai on) mzmfs&hfmte. jjb^t^s-^ 

b5>f K (A 1 N) &SI«#g8^Tia3!!iS|-ri.g 

mistsmx® 1 0 tfBijwDR am*-v/^^ssj§* 
ft. 

[ft£« 1 2 ] ±Mff^mimw±izm^ti^±M 

OtCffiatfDDRAM^-vMV^S^T 

a. 

mmi £ fz\±mm 1 oc^dram^^^^ 
1 4 ] ±m<mnmizj-<?-> *imt&& 
mi^mm 1 * wmm. 1 o tiaa^D ram 

[|««JI15] S?^Sffl*^^5r»ODRAM 
■/'J3 ymffifc ; ±Si?>x? yptfyisV 3 >mffiJb^ 

"tl>DRAM*^Kv^. 

[fts« 1 6 ] ±M<7mmmfcm±. r>v*i—m 
&tLx. M^ztifz wmrdimuMizmm 2 tuzmm 

tMffit&mmi 5tIE®60DRAM*^^'v^. 

mmi7] fmmmxwstzft^DRAM 



3 

n>>A-M Y74 vmi.mzBfS.ZtitzTfrS.-VJ** 
(AlON)li: ;±ETrt'S-'>A 

[ISSJI19] ±EOX^-7^^'J^'Jay«ail±. 
[0001] 

mm* v'^fm/zcrmmmzmt & . 

[0002] 

^KS/f (storage capaci tor) ft A^T^S^S *> 
(design rule) «7Ct\ frS3il!tSigrtt^gC0 

[0003] ZCOi o tc. m®2tifzm%ftx. 

mm%(omM&izmfr&m&z*m*k. u ffL 

[0004] «^f^ffl^^^V^O*^jii«Sr^b 
Zit&iztbV-tmtLX. 7rf > (Fazan) Stt. 
T*'J#3#BBfrlf£5, 2 7 8, 0 9 1#tt>V^T. 
X? -y ^fitjScOTgWBLLKH S G (hemispherical gr 

ain) vU3y^liSr^^l.^tfcJ:0. Mffimm 

[0 0 0 5] (T.Kittawa) %k'l±. 19 

9 23F-JK International Conferenceon Solid State De 
vices and Materials^£|&;fcg#jftgi9 OH. 9 2H 
fc, f>f)U (t ant a 1 urn) &{t& (Ta20a) 
(OX d%mffimi*&t:mil1z2 5 6Mt'-y r-DRAM 

KifcJiBST (Ba,Sn-,Ti03)Mfli SI 
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Xf77*^-!J7y (step coverage) ZWofy? 
;HS^tJSSrS?Jt1-S^(^ flffiS$jfg«t (surface kine 
tic regime) WigHT&SfflaS (low temperature) T 
'ffc^Svhl^Mltti^i (C VD ; chemical vapor depositio 

n) t?SBR*»j«-4ii:fcJ:0, wm'xzjsm&t/^ 

4 Yuti-XV (hydrocarbon) <DsHSrt<7)JS1gfSlS. 

10 [0006] ztit mmiz. fyffrmttmnmmm 
x . wm^/y ( u v o 3 ) mmm&mmr- 

Vy? (dry O2 anneal) KZnJMtfffiSZIXX^ 

mmmr-uy^mtx^y^j^m 
ttmmza&zti&ignmi. ?y?>vmmmm 

#tt£l"J±$-t*\ y\s-y*kftm (grain boundary)^ 

20 [0007] b sTismwi. m&t&mmz 

fflktllzMZ^ X3 y r-4f-P$M (Schottky barrier 
height ) V ^&JR«fii0D#Jfla*&gT& 5 . * 

^Smffifc^'J^'Jay^Sfc^-S y^SjSl! (oh 
nic contact) CD1z*bcr>m* JiTfMMktfV y'Ja 
tfXb^WR^BSjh-r-Sfc^WN'UT^^^ (barriem 
etal) <DSW£^-C&6. 

[0008] ±iecOB STf8f|!HjMli. ^ir^^i 
Tp?i8®^l&0;fc#>» M I M (metal insulator meta 

i) mmmxt txm. mmt-fz^y^^mm 

30 (i N M I S (metal insulator semiconductor) Xt±M 

iMffimmRLx^&<?)X\ ±mmwmton*mim 
DRAMistsffl-fs^wi. fK^^y^yK^i 

( S i O2 ) at^ONO (oxidenitrideoxide) HmS&tiZ 
mmZtlft. sKy^yayfcflWLfcSIS (semicond 
uctor insulator semiconductor) tSiaA t ®ffltti5fc^C < s 

[0009] 

40 n/szzm±z-£&-?}mti i mfrtix^&w. mizmk 

vmnwsaizxmmmMmiimL. mt®m.?>* 
w^fzmm-htiiibiz^ wMmimomz (eqmva 

lent Tox)^< L^mtf=5:^>^V^ ttMtfrh . t 
(equivalent Tox)£#Ofifi§fc*tLTt>. ^»^T 

[0010] tfz. m&wmwDRAMxmz&mz 
50 ixx^&mm&.xvi'VoyiT&mfeizmMLxm 



• - • - - - (4) 

5 

mmmmzgrn Ltz^n^ffiwmm$mn ra 

[ooii] Lfc*^T. #3mh«ss i <Dsmi. mm 

m*v^?w*rt$gmmzm&-t& zbiz&&. 
[00123 *i6bb^2<?)@w«. ±mm 1 <oawt 

MIX. X&mfry^TrtistyxZft-hKtf^. 

'J n y *m-tZ> Z b *>*T£ . 10 

wmn&z&m-tz zbtzhh. 
[0013] #&Hjj<ogs3tf)BWtt. ±iem 1 ^BWt 

[0014] #&BB<7>!iS4<7)IfMi. ±ie3s i oawt 

MtX. Wk<F>X?-,9 (stacked) MHFfltHftr-Y 

ommM^h zb%<. tmcomnmi.mi.z 20 

[00 15] 

^-yJBRSttfctWlJdBfcB^JBHI (atomic lay 30 
er depositions LD) 1r£TT>V$.-t (A I2O3) if 

tr;w5-^A^^ h (a i n) mcrm-smmk 
««^m-ri»g^Afirri.-fc £ *Hai-r£D ra 

[0016] *3PJlO)j0^Bfa£ii&-t6*:a>>fc. 

*aw»jJWcMHP ( a l d > jsnffcr^s 40 
A-f a v=74 main) m*&mhm& ; ±ieor 

■fh5>fMA10N) mtffi&t&fm ; tJJ:tf±E 

or;k5-->A>rdf^^>f vm±.mzmwB£B 

itt&BWiMmt&ZkZimb-tbDRAM*** 

[0017] *&&>**)&0)mitl&i&£tbti:l/>£.* 
*WWi» WW«S**^5'*fc»oDRAM§aK: 
fcwc . ^NMMtUiWRS v ?#y v 'J s 
y«S t ; JJBX ?7MfJy'J3 >WLt«c»j8$ 50 
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5 D R AM* fcjgft-f h . 
[0018] ^m^^tTM^StfJ^m&t^Z. * 

mm. mwwfl^'^^^DRAMitBfcfc 

^X. ^ttfflUifcWlSSiifc^-y^U^ya^ 
JifcTVkS-'Wtf-'f r-9>fl*Jifc ; JtfB<0T^$-^ 

■M h7-f F (A 1 ON) Mb ; JJecOT^-^A:* 
dfj'-M K*±«=3W«»fufc:ri'-r- (Plat 
e) XOisVaymmXffiilLZtl&ZbZmib-t&D 
R AMdf -WW/ ^ ^MflW-S . 
[00 19] 

[HHH<0Hife<^®] JST. *^<7)«i^«fflDRA 

[0020] H2~4 *%Bg^ i ntm(cfev\ 
02^#HB-rst. i-r^«^Kioo±t^y 

3>WtftiR ( S i Oi ) 10 1 MOBStiXts o . nm 

mm^wstzmmhTzmmb txwmxv 

yijay (storage polysilicon) 1 0 2tfB&&tlX 
n*. *LT. JJBWWWBjKU^ya^l 02ay% 

«moio±iifc, r^5^-(Ai 2 03) 103^ 
mfcztix^h. 

[0021] mmmb lt. imnnum-m 103 

ti. JS^PW^^ (atomic layer deposition ; ALD) 
H3X'mfcthZbb' i X'Z&. T^5^-1032rDRA 

T'ilfflLT^SXy\--y^-yy^ (sputtering) ^ 

m^izmf^&?mmizm-2itz>zb&TZ&ii : . x 

f- -y T^^n'- 'J y ^WftT\ 3 i5s5c«^^«fl^M 

1 0 3 ^^-rs^constwifc lt . -ft^M^^ 

(chenical vapor deposition ; CVD ) ~fy£&$ifQX* 
*Z>W. m®.<?>X>^9-V>y-!r£b\iRftl l Z. Xt 

or^s^-aisi 0 3t±. is^fl^* (ALD)Mt 
jg^s £ b tpc* z<r>xo\z. M.^mmmn^rc 

mLZtU-zTJm-mii. UF&&n (amorphous) «S 
T\ XT»/T^^*-y 7x1110 0%(Ci&^<gJStC# 

[0022] 03<i, H^«^*^"C»li!c$ix^r^ 



(5) 

7 

3 k T)V 5 A-M H 7 4 KB 1 0 4 £ ISflf 

y • ^f-j.- (in-situ) -f S J: dfcK&Wfc® 

^-rsifctioT. a 1 2O3/A 1 Nji^fsmflsitK 

[0023] 04(2. r^-h^yxUn^l 0 5<7) 

*a 1 2O3/A 1 Na-^mf^sisi 1 5±.mz. h- 

e^^^ut^D^'jnySr^-rs.rtT. DRAM 

^■ws-^^<7)±g8mffi 105 zm&tz . 10 

[0 0 24] 05(2. 04<9/i&Kni8OS5ft<O&;*S 

t\ r^s-t^ (a 12O3) 1 0 3tTfvs.-r/J^i-^ 

hyJ HIS ( A 1 N) 104£H7Jfli*(ALD)3r 
0. -JS¥a (one atomic layer) 

kT. JgJfcSftfcA 1 2O3/A 1 NX 

[0025] *i%HB<7)|US^i: LT. T^S^K 1 0 3 
fcT/PS-^A^M H5>f HK1 04£&*1. 1 AT 

0. JSCflUgeir (ALD) ^TmHRaLTJglK^I. 

dktio. s+A^w$oAi20 3 /Ai Na^pm 20 
[ 0 0 2 6 ] 06t2. ^mmmmmt lt. sw« 

(atomic layer deposition ; ALD ) ~}y£liZt5\^ 

t> ai 2O3/A 1 Nm^mwms&ffim-hfztbn 

1. a 1 2 o 3 /a 1 NM^mmimmz m^mmm-tt 

X'Mftt&tdtxryJiz.tvvi'yy (gas pulsing) WM 
[0027] tth*>. >'<-<r)&jl£-J£lzmft 

■thtztbiz. mz. mxzti&ggmtfx 5 0 3 \m 30 

M&Ztifz (pre-determined) V-XtfX&TJifl 5 
fcj:0. H'J^^T^S^A (TMA, trimethyl 
aluminum)V-X5 0 0i:H2Oy-X5 0 1, NH3V 
-X 5 0 2(2. -SI^0OS^X^;WX^®-C«LA§ 
ft. -eixmcOy-X^^AWtfSt^N-^* (purge 
or purging) ffl^Stt^X5 0 4*«5£A$itS. 
[0028] *%HS<7)|ltef«t LT. . 
rt-VijXXTiVnv (argon) ( A r ) . Mfg ( N2 ) 
ifcli'MJ W(He) +Wfc*fl*>-o£teffl-f £ £ k 
WX'%&. 40 

[0029106 k . tmav-^v-; 

-»H20y-X^N , -x-»TMAV-X-»>'\-v-»NH3 
A-tZ>imt>\ JJMW^kLTSEflSii. WGtt 

a 1 2O3/A 1 Nm^wmimmcomza. axn^ 
>r-th*®*M 9*5 0 5<nmm%uzi.'>x. im 
t,zwm-$-hzt&x'h. 

[0030] -pfrfr^ —m.<r>*}X>VVis>'/*M 7)V 

^mi-th^t^ a 1 2O3/A 1 N<m-£iMfom 

(22. 2A(1. 1 ABOA l20sk 1 . 1AWOA1 50 
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n) (omztzmmztiz. #xjvvi/>7<w >v*%. 

irstimizmttt&xott&nx'. mfr<7)mz<mm 

[0031] *mbz®L?mmt u:. wr-masem 
$XA 1 2 03/A 1 NmtmmmmzmfctiKibco 

y— XifXTbiXTMA (trimethyl aluminum) y— 
XOftOfcT^S— W?07-( H (aluminum chlorid 
e. AICI3) V-X£ffi$t&Z\ktfX'%&. ZC?) 

?u=74V v—x-vt—zs-* H2 o y-x— v\*-s;-*r 
iv^-^^tuvi h y-x— s;-»n h 3 y-x— 

[0032] TMAy-XftHffiLTJbEOXd- 
3 0 0-4 5 OXMJftftB 
iTCMIOlMttl^WKfcWiii:)^*, TMAV 
-XcOftOfcT/US-^A^O^ KV-Xfc«8"** 
*§£fc:(2. 4 5 0—6 0 0Tlcommi8J£Zm$rtZ> £ k 

[0033] #f&Hfl<DSg 1 3&KM£Jt -)TM3 
*lfcT^S-«WWl» ?H&fiV (amorphous) ttffiiT'. 
Xf77*A-y -/^'(il 0 0%(Ci5V^tt^^. Hffi 

mttx. mmLtijmx'Bi8.ztixiT)i>$.-t-zwmm 

W&iXX'T-W7 (annealing) XM&Mrt&Z. 

;P 5 -taR&8 0 o-Cf^T- u 3 0^HS»£ 
L^J^-. SlS<0Jg#f*£i!fcg6 3 3.0 nm03tfc^ 
LI. 64 0K1. 6 9 2lzmM2it&Ztt)<X'Z 

h. Ltztf->x. m?mmtir£X'mf8LLtzT)V5. j m 

s (Tox) *wvbtet&zttpmx-*h. 
[0034] Tfr$i-mm±. : s v?>mim (sio 
2 ) twayu&M ( S i N ) <nm;wmfomz\k 
mi^tm ^ynyiKbJSkPit^r^ 

5—- y-HVWA (Fowler-Nordheim) ^-^7*^H> 

*>v (m.) m%*t>-x'Mzimfz>tmmm (di 

electric breakdown) i|^tt* J ii§IK^rO J H _ t\ Lfc* 5 
oT. *^<0S1HSSW(=S!^A I2O3/A 1 N«-^ 
Sim«#ISSr«fflLfeDRAM^+^^^lia(2, ffi^ 

mmmttrmmL^i-K. ?->v ■ ?\s>*>v (pool 

-Frenkel ) H V *ME69&L* it -X&tf^lxh T)V 
$ -t>ix^>f hyJ H ( A 1 N) ^JrT^S-f (A 1 
2O3) t3itfX'Bl$.2it&Zttz£',X. m^RX'<m 

[0035] 07(2. *mx?)m29mMiz#o DRA 

u^j^f^mmx-hh. H7^#B3-tsk. ^ 

m&Ll 0 0±tM$iiX:s/y 3VKftJRl 0 is 
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v. ¥*iftg«n ooi.mzwmmnri'-y (hemi 

spherical grain ; JUT" HSG" t^o) £J£oT8B 
mm®*? v 7 ( stacked ) SSffltf'J 'J =J 1 

[0036] lllOX? v9WBBB# , J*' l J ^ 

a 1 2O3/A 1 m^wmmwummztiz. 

[ 0 0 3 7 ] 08fcL *»HJ<7)|g3ltSfe^tC^a D RA 
M3f^v-?<OBrBS0T'$>S. 08£#Hm>£. ¥3£ 
f*£« 1 0 <HJ,zm\S£tirzX? y7#V~/V ?>T& 
S@l 0 2<i. M»£itt*3-££3l{;:. P» (cyli 
ndrical ) LTiJ 0 . JtfSOPMX* y J 

^ »j 3 /f&ss 1 0 2±mz. m&<?>m?mmmjy& 
TA 1 2O3/A 1 ucm&mnimmzBtfizit&zt 

*5-C#S. a7&t^8c7)^R18 0g|5etJtti,j£ 

[0038] H9~i *mxom49mmiz&? 

D RAMdf ^^>-^O»{£*ffi^*b-riS)i^0TJ> 
09£#BB-fSfc. *S««Sl0 0±ty'J3y 
Kfl^Sl 0 l^fig^itTfcO, tMWA'Ay^ 

02&vimm 0 i±asfc. t^s-^a-m r-^-r 

K2 0 0jWtt*SiVO**. Hffi^LT. ±E«OT^ 
$ -<?A-M Kfl2 0 0(4. K^^*^CT'JB 

[0039] 01 ozmtt&t. m.^mrnrnttx-m 

it^ftfcT^S-^A^Mh^ KJi2 OOSr&S (O 

2 ) mmtfxrxi&fcz*kz> z. t izx o „ mwtiv 

S-^A^ h7-f KSfK2 0 0±g|5t. T^S-'z-A 
**=s1r4 Yv4 Y (A ION) 20l£Btfit&. 

[0040] ztib mmiz. m^mmttx-Mfozti 

fcT^S-^A^M h7-f H2 0 Oi&KTA-S-^A 
•**$/1r4 V^J Y2 0 1 £}6j£U A 1 N/A 1 ON 
«£0imftSJi£^JftU DRAM3-v;\-^?<Dm«B§ 
infest LTtefflttitf . r-;k-7 -f r 

**«tt«*Sr< , T/I/S-^A-M b'12 0 0 

<m^mmx'**>vy?w&i o 2 tr^s-^A 

^4 h?>f K2 0 0St#tt-r5*fflXSfi (interface 
defect) ZflmX-thmtlfibh* 
[ 0 0 4 1 ] 01 1 ZmitZ t . SHkXgSPg^gT 

fc. ^^^^igsmtifcLTrix-b^'J^Unyi 

[ 0 0 4 2 ] 01 2(tift9i^53gft0tt:fE3 D RA 

M^^^i/^(7)BrtB0'r'S)S. 01 2*imi-hk* ¥ 

gttgts 1 0 oiwwESfifcs/ y 3 >«fl* 1 0 1 a 
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1 0 

WWMHRJifc, H S GVWSiKU S' »J a >-T&^ffi 
10 2jWftS3*lTH*. ±IB<^HSG#®ffl 
'j^yn y^ffi 1 0 2 ±^tcJS^ Sal«*5tT'T;P S 
-*>a:M f 54 kjr 2 0 o#»j$;$*u ±E^r;i^s 

->?A^>r h?>f FffB2 0 OSIHWHSWr^TCM 
ftS** £ k lz£ 0 , WBUfcftoTJl' 5 A** 

h?4 K2 0 1 UrtfoT. 
^5lOI«fc«3DRAM*-W'C5'*tt» HSG^Jg 
OA 1 N/A 1 ONfilHMtt^liS-JWS^&ltffiiaf* 
10 «MMrfc*tr£fc*1«tl:-*-*. 

[ 0 0 4 3 ] 01 3i4. *mxom6$mmizm dr 

AM^^-C^^«7)Bfffl0-C*)S. 0132r#{^tSt. 

1 0 o±iz v »j 3 Planus 1 0 1 
&tm!mmmmm*z&&t:Mzimtiivt:mm 

X? y?Wm*V : sV?>m&l 02<0±gPt. *n 
«^3Wt0rcffi*Lfc*afi:J: OA 1 N/A 1 ON 

20 [0044] *fffiHO»HFWSffiH^«lS l t-S#Jlltt : S: 

[0045] IB^?iifc*»HBO«tg:i:^SIISt«RHi. 

[0046] *I^T'iB*^ix^^HB«±t Hffi 

30 [ 0 0 4 7 ] £ iE3fiflMHff(^BK i S 

[0048] 

fcTVPS-^A-M b7>f H (A I2O3/A 1N)«^ 
40 RWMIRXI*. T^5-^A^>f h5>f HkT^S- 
»>A^df^-t>f b^>f H (A l N/A l ON) 

(vmfoD r AMxnuz&m ztix n*imfcK< j >- u 

-,~Ti]*- y -y s;tl*oSS«fKlH^«t-£ D RA 
[ 0 0 4 9 ] 4fc. aff'SrS^Uj fc®3t^ifeg^ttSr» 
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In addition, in same way as this, capacitor for DRAMs charge 
accumulation of the this invention has satisfactory oxidative 
strength and excellent insulatina characteristic. 
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[Claim(s)] 
[Claim 1] 

In order step; above-mentioned conducting layer which forms 
conducting layer on the semiconductor substrate with each 
cell unit to make limited, patterning it does, step; 
above-mentioned pattern formation forming conducting layer 
pattern DRAMs capacitor manufacturing method * whichis 
made thing feature which possesses step which forms the 
conducting layer in step; and above-mentioned compound 
dielectric film upper part which in the conducting layer upper 
part which is done with atomic layer vapor deposition (ALD ) 
system form compound dielectric film of alumina (AI1O3 ) 
layer and aluminum nitride (A1N ) layer 

[Claim 2] 

DRAMs capacitor manufacturing method * which is stated in 
Claim 1 which includes step where step which forms 
above-mentioned compound dielectric film maintains 
substrate temperature in 300 - 450 deg C with trimethyl 
aluminum (TMA ) as source gas.with atomic layer vapor 
deposition (ALD ) system repeats alumina layer and 
aluminum nitride layer withalternation, forms compound 
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dielectric film 
[Claim 3] 

DRAMs capacitor manufacturing method ' which is stated in 
Claim 1 which includes step where step which forms 
above-mentioned compound dielectric film designates 
aluminum chloride as source gas, maintains substrate 
temperature in 450 - 600 deg C. with atomic layer vapor 
deposition (ALD ) system repeats alumina layer and 
aluminum nitride layer withalternation and forms compound 
dielectric film 

[Claim 4] 

DRAMs capacitor manufacturing method * which is stated in 
Claim 1 which includes step where step which forms 
above-mentioned compound dielectric film with the atomic 
layer vapor deposition (ALD ) system repeats alumina layer 
and aluminum nitride layer with alternation with source gas 
stream entrance order which is selected, forms compound 
dielectric film of predetermined thickness 

[Claim 5] 

As for source gas stream entrance order where description 
above is selected. trimethyl aluminum (TMA ) source and 
H : Osource and NH 3 source between predetermined 
time, flowing with gas pulse morphological form, in 
intermediate of above-mentioned TMAsource 
influx,H 2 Osource influx and NH 3 gas source influx inert gas 
for purge DRAMs capacitor manufacturing method " whichis 
stated in Claim 4 which flows 

[Claim 6] 

DRAMs capacitor manufacturing method " which is stated in 
Claim 4 which adjusts theabove-mentioned predetermined 
thickness with number of times where above-mentioned 
aluminum nitride layerand step which forms compound 
dielectric film of above-mentioned alumina film with 
alternation, designate 8 stages of TMAsource * purge ' 
H : Osource * purge 'TMAsource * purge "NH 3 source and 
purge as unit cycle, repeat above-mentioned unit cycle 

[Claim 7] 

As for source gas stream entrance order where description 
above is selected. aluminum chloride (Al CI3 ) source and 
H : Osource and NH 5 source flowing with thebetween gas pulse 
morphological form of predetermined time, in intermediate of 
above-mentioned aluminum chloride (Al CI3 ) source influx, 
H : Osource influx and NH 3 gas source influx inert gas for 
purge DRAMs capacitor manufacturing method " which is 
stated in Claim 4 which flows 

[Claim 8] 
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As for above-mentioned aluminum nitride layer and step 
which forms thecompound dielectric film of above-mentioned 
alumina film with alternation, the DRAMs capacitor 
manufacturing method " which is stated in Claim 4 which 
adjusts above-mentioned predetermined thickness with 
number of times which repeats above-mentioned unit cycle 
with the aluminum chloride (Al Cl 3 ) source * purge " 
H : Osource " purge ' aluminum chloride (Al CU ) source " 
purse "NH^source and S stages of purge as unit cycle 

[Claim 9] 

As for above-mentioned inert gas ? nitrogen (N : ), argon 
(argon ) (Ar ). or f among helium (He ), DRAMs capacitor 
manufacturing method " which is stated in Claim 4 or the 
Claim 7 which is a any one 

[Claim 10] 

In order to limit step; above-mentioned conducting layer 
which forms the conducting layer on semiconductor substrate 
in each cell unit, patterning it does, step; above-mentioned 
pattern formation forming conducting layer pattern it 
possesses the step which forms conducting layer in step: and 
above-mentioned aluminum oxy nitride layer upper part 
which form aluminum oxy nitride (Al ON ) layer in step: 
above-mentioned aluminum nitride layer upper part which in 
conducting layer upper part which is done with atomic layer 
vapor deposition (ALD ) system forms aluminum nitride 
(A1N ) layer DRAMs capacitor manufacturing method * 
which is made feature 

[Claim 11] 

As for step which forms above-mentioned aluminum oxy 
nitride (Al ON ) layer, theabove-mentioned aluminum nitride 
(AIN ) with oxygen atmosphere thermal processing DRAMs 
capacitor manufacturing method ' which isstated in Claim 10 
which includes step which is done 

[Claim 12] 

As for above-mentioned conducting layer which was formed 
on theabove-mentioned semiconductor substrate doping 
DRAMs capacitor manufacturing method " which is stated in 
Claim I or Claim 10 which includes polysilicon which is done 

[Claim 13] 

As for step which forms pattern in above-mentioned 
conducting layer. 

DRAMs capacitor manufacturing method ' which is stated in 
Claim 1 or Claim 10 which includes the step which forms 
HSGstack polysilicon electrode 

[Claim 14] 

As for step which forms pattern in above-mentioned 
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conducting layer.DRAMs capacitor manufacturing method " 
which is stated in Claim 1 or Claim 10 which includes the 
step which forms cylindrical pipe type stack polysilicon 
electrode 

[Claim 15] 

stack polysilicon electrode which was formed on 
semiconductor substrate in DRAMs device which has the 
capacitor for charge accumulation, and; compound dielectric 
film of alumina layer and the aluminum nitride layer which 
were formed to above-mentioned stack polysilicon electrode 
upper part and; itconsisted plate polysilicon electrode which 
was formed to above-mentioned compound dielectric film 
upper part DRAMs capacitor " which is made feature 

[Claim 16] 

As for above-mentioned compound dielectric film Just 
number of times which isselected with laminate of alumina 
one atomic layer aluminum nitride one atomic layer as 
fundamental unit.DRAMs capacitor ' which is stated in 
Claim 15 which possesses structure whichis laminated to 
iterative 



[Technological Field of Invention] 

this invention regards semiconductor device and its 
manufacturing method , it regards capacitor andits 
manufacturing method for charge accumulation of especially 

t_ : .-.l . ;„„„ j — r\n a \ ,<~ 



[Claim 15] 



[Claim 16] 



[Claim 17] 

stack polysilicon electrode which was formed on 
semiconductor substrate in DRAMs device having capacitor 
for charge accumulation, and; aluminum nitride layer which 
was formed to theabove-mentioned stack polysilicon 
electrode upper part and; aluminum oxy nitride (Al ON ) layer 
which was formed to theabove-mentioned aluminum nitride 
layer upper part and; it consisted plate polysilicon electrode 
whichwas formed to above-mentioned aluminum oxy nitride 
layer upper part DRAMs capacitor ' which is made feature 

[Claim 18] 

As for above-mentioned stack polysilicon electrode, DRAMs 
capacitor " which is stated in the Claim 15 or Claim 17 which 
includes HSGpolysilicon electrode 

[Claim 19] 

As for above-mentioned stack polysilicon electrode, DRAMs 
capacitor " which is stated in the Claim 15 or Claim 1 7 which 
includes cylindrical pipe type stack polysilicon electrode 



[Description of the Invention] 
[0001] 
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[0002] 
[Prior Art] 

As per unit surface area on semiconductor substrate degree of 
integration of semiconductor element which is 
producedincreases, it has reduced also space which charge 
capacitor (storage capacitor ) for the data storage possesses. 

Therefore, in origin of design rule (design Rile ) which is 
°iven, capacitor for the charge accumulation which has 
capacitance of large capacity inside space which isallowed is 
produced becomes necessary. 

[0003] 

This way, inside space which is allowed, in order to produce 
the capacitor for charge accumulation which has high 
capacitance value, with semiconductor industry, themethod to 
peak of converting effective surface area of capacitor for the 
charge accumulation. Or, method etc which uses substance 
where dielectric constant is large for insulating substance 
between electrode is designated as basis, capacitor for thenew 
charge accumulation is developed. 

[0004] 

' ' the " (Fazan ) etc has disclosed technology which 
increases the capacitance of capacitor for charge 
accumulation by forming HSG {hemispherical grain ) silicon 
thin film on the bottom electrode of stack structure in United 
States of America patent 5 th.27S,09 1 number, as one 
technology inorder to peak to conven effective surface area of 
capacitor for charge accumulation. 

[0005] 

In addition, ' tower (T.Kittawa ) etc in 1992 degree 
international conference on Solid St ate devices and 
Materialsassociation article summary-collection 9 th 0 page " 
92 page, has disclosed technology regarding manufacturing 
method of 256 MB DRAMs which use ferroelectric 
membrane like tantalum (tantalum ) oxide film (Ta 2 0 3 ). 

As for tantalic acid conversion membrane or BST (Ba x Sr u 
,Ti0 3 ) substance etc,because dielectric constant is large, 
capacitor of large capacity is expected can beproduced , but 
making use of above-mentioned ferroelectric membrane, in 
order to produce DRAMs capacitor, many you must 
overcome, thereis a problem on step. 

In order to produce tantalic acid conversion membrane which 
has namely, satisfactory step n bar ridge (step coverage ), 
causes dielectric constant deterioration * insulating 
characteristic defective which problem withsuch as oxygen 
depletion problem and remains problem ' crystallinity 
decrease inside thin film of hydrocarbon (hydrocarbon ) 
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bywith tow tempera aire (low tempera aire ) which is a range 
of surface exercise domain (surface kinetic regime ) forming 
thin film with chemical vapor deposition system (CVD; 
chemical vapor deposition ), there is a possibility which. 

[0006] 

In same way as this, ultraviolet light ozone (UV 0 3 ) and high 
temperaaire dry" type oxygen aniline " (dry 0 : anneal ) or 
other step isused as leakage current and dielectric constant 
deterioration or other Means to Solve the Problems of tantalic 
acid conversion membrane. 

As for oxide film which is formed to tantalic acid conversion 
membrane bottom through namely, dry type oxygen aniline 
" . improving, insulating property of gray m boundary 
surface (grain boundary ) main me ' at place where it is not, 
scattering of oxygen to be promoted insulating characteristic 
of tantalic acid conversion membranerelatively, because oxide 
film is thickly formed more, it reaches thepoint where you can 
improve leakage current problem. 

[0007] 

On one hand, as for BST dielectric, in order to guarantee 
excellent insulating characteristic, adoption of metallic 
electrode where Scott key barrier (Schottky barrier height ) is 
large is necessary. 

In addition, layer for ohmic contact (ohm ice ontact ), and 
adoption of barrier metal (barrier metal ) in order to prevent 
chemical reaction between electrode and polysiiicon 
arenecessary between metallic electrode and polysiiicon. 

[0008] 

Above-mentioned BST dielectric substance, because of top 
and bottom parts electrode formation of capacitor, to 
havedesignated MIM (metal ins ulator metal ) structure as 
basis, because tantalic acid conversionmembrane which 
mentions earlier MIS (metal ins ulator semiconductor ) or has 
adopted MIM strucUire,in order to apply above-mentioned 
high dielectric substance to high integration DRAMs step, the 
existing silicon oxide film (SiO : ) and it was applied to ONO 
{oxide nitride oxide ) insulating film, It cannot apply SIS 
(semiconductor ins ulator semiconductor ) structure which 
utilizes polysiiicon and itreaches point where burden on step 
which becomes occurs. 

[0009] 

[Problems to be Solved by the Invention] 

With this industry, method which increases height of 
capacitor isused surface area of capacitor as one means in 
order to increase,, but if Figure 1 is referred to, in order 
surface area increase ratio increases with increaseof height of 
extent and capacitor which decrease radius of the capacitor to 
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(57) [Abstract] 

[Problems to be Solved by the Invention] 

It regards semiconductor device and its manufacturing 
method , DRAMs capacitor and its manufacturing method 
which have electrode morphological form of especially 
SIS-structure, possess peculiar entirety thin film are offered. 

[Means to Solve the Problems] 

As for semiconductor device of this invention, using electrical 
conductivity polysilicon for capacitor electrode makinguse of 
atomic layer vapor deposition (ALD ) system, 
alumina/aluminum nitride (A1 : 0 3 /A1N ) or, by forming 
compound dielectric thin film of aluminum nitride/aluminum 
oxy (oxy ) nitride (A1N/A1 ON ) with dielectric substance 
between electrode, itcauses, chemical reaction such as 
substitution of electrode, not to be .satisfactory step n bar 
ridge having, DRAMs capacitor which possesses ferroelectric 
thin film which remains problem inside the thin film 
minimization is done is materialized. 
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produce capacitor of same capacity, thickness (equivalent 
Tox ) of equivalent oxide film must be made thin, 
understands . 

Therefore, vis-a-vis structure which has thickness (equivalent 
Tox ) of equivalent oxide film which is thinner than 
conventional ONOdietectric film, development of capacitor 
for the charge accumulation which has satisfactory insulating 
characteristic becomes necessary. 

[0010] 

In addition, continuing electrical conductivity polysilicon 
which is adopted for conventional semiconductor DRAMs 
step in bottom electrode, using, it does not cause substitution 
or other chemical reaction of the dielectric substance between 
electrode, development of capacitor which possesses the high 
dielectric constant thin film which looks at satisfactory step n 
bar ridge characteristic is required for high integration 
DRAMs production. 

[0011] 

Therefore, first objective of this invention is capacitor for 
charge accumulation which canbe applied to high integration 
semiconductor DRAMs step and to offer its manufacturing 
method. 

[0012] 

It is a capacitor for high integration DRAMs charge 
accumulation to which second objective of this invention, 
inaddition to above-mentioned first objective, with 
capacitance of large capacity although, uses electrical 
conductivity silicon with bottom electrode be able to do, has 
thesatisfactory characteristic and to offer its manufacturing 
method. 

[0013] 

It is a capacitor for high integration DRAMs charge 
accumulation which remains problem inside thin film of 
hydrocarbon minimization did objective of third of this 
invention, inaddition to above-mentioned first objective, with 
satisfactory oxidative strength andexcellent insulating 
characteristic, possesses dielectric thin film of high dielectric 
constant and to offer its manufacturing method. 

[0014] 

objective of 4 th of this invention, is capacitor for high 
integration DRAMs charge accumulation whichpossesses 
high dielectric constant dielectric film which is stabilized 
without reacting with the polysilicon of bottom electrode 
substance, regarding succeeding without modifying structure 
of capacitor for conventional stack (stacked ) type charge 
accumulation in addition to theabove-mentioned first 
objective, thermal processing process and to offer its 
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[0015] 

[Means to Solve the Problems] 

In order to achieve above-mentioned objective, as for this 
invention, In order step; above-mentioned conducting layer 
terming conducting layer on the semiconductor substrate to 
be limited with each cell unit, patterning doing, step; 
above-mentioned pattern formation which forms conducting 
laver pattern it possesses step which forms conducting layer 
in step; and above-mentioned compound dielectric film upper 
part which in conducting layer upper part which is done with 
atomic layer vapor deposition (atomic layer deposition;ALD ) 
system formcompound dielectric film of alumina (Al 2 0 3 ) 
layer and aluminum nitride (A1N ) layer DRAMs capacitor 
manufacturing method which is made feature is offered. 

[0016] 

In order to achieve another objective of this invention, in 
order to limit the step; above-mentioned conducting layer 
which forms conducting layer on semiconductor substrate in 
each cell unit, patterning it does this invention, step; 
above-mentioned pattern formation forming conducting layer 
pattern it possesses the step which forms conducting layer in 
step: and above-mentioned aluminum oxy nitride layer upper 
part which form aluminum oxy nitride (Al ON ) layer in step; 
above-mentioned aluminum nitride layer upper part which in 
conducting layer upper part which is done with atomic layer 
vapor deposition (ALD ) system forms aluminum nitride 
( AlN ) layer it offers DRAMs capacitor manufacturing 
method which is madefeature. 

[0017] 

In order to achieving other objective of this invention, this 
invention the stack polysilicon electrode which was formed 
on semiconductor substrate in DRAMs device which has 
capacitor for charge accumulation, and; compound dielectric 
film of aluminum oxide layer and aluminum nitride layer 
which were formed to above-mentioned stack polysilicon 
electrode upper part and; isconstituted offers DRAMs 
capacitor which is made feature with the plate polysilicon 
electrode which was formed to above-mentioned compound 
dielectric film upper part. 

[0018] 

In order to achieve other objective of this invention, as for this 
invention,stack polysilicon electrode which was formed on 
semiconductor substrate in DRAMs device which has the 
capacitor for charge accumulation, and; aluminum nitride 
layer which was formed to theabove-mentioned stack 
polysilicon electrode upper part and; aluminum oxy nitride 
( Al ON ) layer which was formed to theabove-mentioned 
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aluminum nitride layer upper part; Is constituted DRAMs 
capacitor which is made feature is offered with plate (plate ) 
polysilicon electrode which was formed to above-mentioned 
aluminum oxy nitride layer upper part. 

[0019] 

[Embodiment of the Invention] 

Below, DRAMs capacitor for charge accumulation of this 
invention and preferred Working Example of its 
manufacturing method, referring to attached figure, you 
explain in detail. 

[0020] 

Figure 2-4 is step sequence figure which displays 
manufacturing method of DRAMs capacitor inaccordance 
with first Working Example of this invention. 

When Figure 2 is referred to, silicon oxide film (SiO : ) 101 is 
formed first on the semiconductor substrate 100, polysilicon 
for compilation (storage polysilicon ) 102 is formed as bottom 
electrode whichforms capacitor for charge accumulation. 
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And, in polysilicon 102 for above-mentioned compilation and 
upper part of the insulating film 101, alumina (Al 2 0 3 ) 103 
film are formed. 

[0021] 

As Working Example, it can form above-mentioned alumina 
layer 103, with atomic layer vapor deposition (atomic layer 
deposition;ALD ) system. 

In order to use alumina 103 for dielectric film of DRAMs 
capacitor, step n bar ridge being satisfactory, impurity which 
remains inside dielectric thin film little it does not become. 
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But however, when with sputtering (sputtering ) system which 
generally has passedwith semiconductor industry, 
above-mentioned alumina film 103 is formed, it can decrease 
impurity which remains inside dielectric thin film, step n bar 
ridge being deficiency. 3 -dimensional structure you use for 
dielectric thin film, it is a non- conformity. 

In addition, chemical vapor deposition (chemical vapor 
deposition; CVD ) system can be applied as Working 
Example in orderto form above-mentioned alumina thin film 
103,, but in opposite direction toaforementioned sputtering 
system, as for step n bar ridge it is excellent.but there is a 
problem whose removal of impurity inside thin film 
isdifficult. 

Therefore, it can form alumina thin film 103 of Working 
Example of this invention, with the atomic layer vapor 
deposition (ALD ) system. 
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This way, as for alumina film which was formed with atomic 
layer vapor deposition system, with the noncrystalline 
(amorphous ) state, as for step n bar ridge it is very 
satisfactory in extent which gets near to 100%. 

[0022] 

Figure 3 in order with sectional view which displays process 
step which forms aluminum nitride layer 104 in alumina film 
upper part which was formed with atomic layer vapor 
deposition system, the alumina layer 103 and aluminum 
nitride layer 104 with atomic layer vapor deposition system 
yne * stew to do (in-situ ), forms the A1 2 0 3 /A1N compound 
dielectric thin film in iterative it forms with . 

[0023] 

Figure 4, being something which illustrates formation process 
of plate polysilicon layer 105,in A1 2 0 3 /A1N compound 
dielectric thin film 1 15 upper part which was formed with 
atomic layer vapor deposition system, by thefact that vapor 
deposition it does polysilicon which doping is done, forms 
upper electrode 105 of DRAMs capacitor. 

[0024] 

Figure 5, with enlarged view of dotted line circular 180 parts 
rank of the Figure 4, alumina film (Al 2 0 3 ) 103 and aluminum 
nitride film (A1N ) is enlarged view which displays cross 
section of A1 2 0 3 /A1N compound dielectric thin film which 
was formed by factthat 104 in size of one atomic layer (one 
atomic layer ) vapor deposition is done withalternation with 
atomic layer vapor deposition (ALD ") system . 

[0025] 

As Working Example of this invention, at a time each LIS, 
several times repeating alumina film 103 and aluminum 
nitride film 104 with atomic layer vapor deposition (ALD ) 
system, it can form AL0 3 /A1N compound dielectric thin film 
of thickness of several tens I by forming. 

[0026] 

Figure 6 is drawing which displays source gas stream 
entrance order inorder to form A1 : 0 3 /A1N compound 
dielectric thin film as Working Example of this invention, in 
atomic layer vapor deposition (atomic layer deposition;ALD ) 
system. 

Figure 6 is referred to, when gas pas jp 1 1 syn * (gasp ulsin 
g ) vapor deposition order inorder to form ALO3/AIN 
compound dielectric thin film with atomic layer vapor 
deposition system is explained,below-mentioned sort is. 

[0027] 

In order to maintain pressure of namely, chamber uniformly, 
always, otherthan atmosphere gas 503 which flows, trimethyl 
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aluminum (TMA 'trimethyl aluminum ) source 500 and 
H : Osource 501 'NH 3 source 502 flow withbetween gas pulse 
morphological form of constant time by (pre-de termin ed ) 
source gas stream entrance order which isselected, purge 
(purge or purging ) business inert gas 504 flows in 
intermediate of therespective source gas stream entrance. 
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[0028] 

As Working Example of this invention, argon (argon ) (Ar ), 
nitrogen (N 2 ) or either onein helium (He ) one can be used 
with atmosphere gas and purge gas. 
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[0029] 

When Figure 6 is referred to, 8 stages of 

TMAsource— spurge— ^H : Osource-»purge—>TMAsource—purge-*NH : ,source— spurge, 
process where gas flows with sequential pulse morphological form, are defined, as 
unit cycle as for the thickness of A1 : 0 3 /A1N compound dielectric thin film which 
vapor deposition is done, with therepetitive number of times of unit cycle 505 which 
gas pas jp 1 1 syn ' is done,adjusts accurately " . 
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[0030] 

In every degree which ends gas pas jpl 1 syn * cycle of 
namely, onetime, compound dielectric film of A1:0 3 /A1N 
vapor deposition is done in thickness of 2.2 S (1.1 -S Al 2 0 3 of 
thickness and 1.1 -S A1N of thickness ). 

If gas pas jpl 1 syn * cycle is repeated, because it reaches 
thepoint where thickness of compound dielectric thin film 
increases in proportional with repetitive number of times , 
thin film vapor deposition of thickness of desirebecomes 
possible. 

[0031] 

aluminum chloride (aluminum chloride ' Al Cl 3 ) source can 
be used in place of TMA (trimethyl aluminum ) source with 
the source gas in order to form A1 2 0 3 /A1N compound 
dielectric thin film with atomic layer vapor deposition system 
as the Working Example which you follow this invention. 

This time, gas stream entrance step for atomic layer vapor 
deposition designates 8 stages of aluminum chloride 
source— ♦purge— *H 2 Osource-*purge— ►aluminum chloride 
source— spurge— >NH 3 source— spurge as fundamental unit, 
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forms compound dielectric thin film. 
[0032] 

In addition, when above-mentioned compound dielectric thin 
film is formed makinguse of TMAsource. be able to acquire 
thin film which has characteristic of optimum with vapor 
deposition temperature of 300 - 450 deg C when aluminum 
chloride source is used inplace of TMAsource, compound 
dielectric thin film of good quality can be acquired 
bymaintaining vapor deposition temperature of 450 - 600 deg 
C. 

[0033] 

As for alumina thin film which on one hand, was formed with 
first Working Example of the this invention, with 
noncrystalline (amorphous ) state, as for step n bar ridge it has 
thevalue which is close to 100%. 

As Working Example, alumina which was formed with 
method which ismentioned earlier by fact that aniline ■ 
(annealing ) step is advancedwith oxygen atmosphere gas, 
density of thin film it can increase. 

As one Working Example, when alumina thin film which was 
formed with first Working Example of the this invention 
oxygen aniline " 30 -minute is executed with 800 deg C, it 
canincrease in 1.640 to 1.692 refractive index of thin film 
vis-a-vis light of wavelength 633.0 nm. 

Therefore, as for alumina thin film which was formed with 
atomic layer vapor deposition system, thickness (Tox ) of 
decrease, dielectric constant increase and equivalent silicon 
oxide film of thickness of dielectric film minimization is done 
via optimization of succeeding aniline * step, youcan 
expect . 

[0034] 

As for alumina thin film, while dielectric constant is large 
silicon oxide film (SiO; ) with incomparison with compound 
dielectric film of silicon nitride film (SiN ). as silicon oxide 
film the insulating film destructive (dielectric breakdown ) 
characteristic which originates in tunnel (leak ) current 
mechanism ofsame Fowler * node Heim (Fowler-Nordheim ) 
type is easy to become fragility. 

Therefore, in accordance with first Working Example of this 
invention, insulating film break characteristic with high 
electric field can be improved with alternation aluminum 
nitride (AlN ) substance which DRAMs capacitor device 
which adopts ANCh/AlN compound dielectric thin film is 
easy to do the vapor deposition with atomic layer vapor 
deposition system, pool * deviation ' " jpll 
(Pool-Frenkel ) tunnel leakage current mechanism can see is 
formed alumina (A1 : 0 3 ) with with . 
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[0035] 

Figure 7 is sectional view of DRAMs capacitor which 
accompanies second Working Example of the this invention. 

When Figure 7 is referred to. potysilicon electrode 102 for 
stack (stacked ) compilation of the bottom electrode which 
has gray ' (You call "HSG" below hemispherical grain; ) of 
hemisphere motif in silicon oxide film 101 and the 
semiconductor substrate 100 upper part which were formed 
on semiconductor substrate 100 is formed. 

[0036] 

Consequently, in polysilicon electrode 102 upper part for 
above-mentioned stack compilation, with the gas pas jpl 1 syn 
' system which displays alumina thin film and aluminum 
nitride thin film, in Figure 6, A1 2 0 3 /A1N compound dielectric 
thin film of hemisphere motif is formed bycontrolling atomic 
layer vapor deposition. 

[0037] 

Figure 8 is sectional view of DRAMs capacitor which you 
follow third Working Example of the this invention. 

When Figure 8 is referred to. stack polysilicon bottom 
electrode 102 which was formed on the semiconductor 
substrate 100. in order to increase surface area, has done 
cylindrical (cylindrical ) motif, inabove-mentioned cylindrical 
stack polysilicon bottom electrode 102 upper part, can form 
compound dielectric thin film of A1 : 0 3 /A1N with 
aforementioned atomic layer vapor deposition system. 

enlarged view for dotted line circular 180 parts rank of Figure 
7 and Figure 8 Figure 5 must be reference. 

[0038] 

Figure 9-11 is step sequence figure which displays formation 
method of DRAMs capacitor which you follow 4 th Working 
Example of this invention. 

When Figure 9 is referred to. silicon oxide film 101 is formed 
on semiconductor substrate 100, the polysilicon 102 for 
compilation is formed as bottom electrode which forms 
capacitor for charge accumulation. 

And, aluminum nitride 200 is formed to polysilicon 102 and 
insulating film 101 upper part for theabove-mentioned 
compilation. 

As Working Example, it can form above-mentioned 
aluminum nitride layer 200. with the atomic layer vapor 
deposition system. 

[0039] 

When Figure 10 is referred to, in above-mentioned aluminum 
nitride thin film 200 upper part, aluminum oxy nitride (Al 
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ON ) 201 is formed with atomic layer vapor deposition 
system aluminum nitride layer 200 which vapor deposition 
isdone by oxidation doing under oxygen (0 2 ) atmosphere 
gas. 

[0040] 

In same way as this, it forms aluminum oxy nitride 201 in 
aluminum nitride 200 upper part which wasformed with 
atomic layer vapor deposition system, forms A1N/A1 ON 
compound dielectric thin film and if it uses, as dielectric 
substance between electrode of DRAMs capacitor breakdown 
voltage characteristic can be improvedvia insulating film 
destructive mechanism of pool-deviation ' " jpll type, not 
only, There is a strength which can improve capacitor 
electrode 102 and boundary surface defect (interface def 
ect )which exists between aluminum nitride 200 with 
oxidation process step of aluminum nitride layer 200. 

[0041] 

When Figure 1 1 is referred to, passing by oxidation process 
step , plate polysilicon 105 isformed to aluminum oxy nitride 
201 upper part which was formed, as capacitor upper 
electrode. 

[0042] 

Figure 12 is sectional view of DRAMs capacitor which you 
follow 5 th Working Example of the this invention. 

When Figure 12 is referred to, polysilicon bottom electrode 
102 for HSGcompilation is formed on silicon oxide fJm 101 
and semiconductor substrate which were formed on 
semiconductor substrate 100. 

Consequently, aluminum oxy nitride 201 where in polysilicon 
electrode 102 upper part for above-mentioned 
HSGcompilation aluminum nitride layer 200 is formed with 
atomic layer vapor deposition system, has hemisphere 
conditionabove-mentioned aluminum nitride thin film 200 by 
oxidation doing under oxygen atmosphere gas, isformed. 

Therefore, DRAMs capacitor which you follow 5 th Working 
Example of this invention includes dielectric substance 
between electrode which possesses A1N/A1 ON compound 
dielectric thin film of HSGmorphotogical form it makes 
feature. 

[0043] 

Figure 13 is sectional view of DRAMs capacitor which you 
follow 6 th Working Example of the this invention. 

When Figure 13 is referred to, silicon insulating film 101 is 
formed on semiconductor substrate 100, the polysilicon 
bottom electrode 102 for cylindrical stack compilation is 
formed. 
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Consequently, in upper part of polysilicon electrode 102 for 
cylindrical stack compilation which is devisedin order to 
increase dielectric substance cross-sectional area of capacitor 
for charge accumulation, A1N/A1 ON compound dielectric 
film is formed with system which is detailed with the third 
Working Example of this invention. 

[0044] 

additive feature and strength which form Patent Claim range 
of this invention are. as detailed below. 

[0045] 

Immediately, you use concept and specific Working Example 
of this invention which is disclosed, it must be recognized by 
person towhom corresponding technological field becomes 
skillful, as design andlearning/repairing positive basis of other 
structure in order toaccomplish objective which resembles 
this invention. 

[0046] 

In addition, because invention concept and Working Example 
which aredisclosed with this invention accomplish same 
objective of this invention itcorrects, you probably can use 
with other structure with person towhom corresponding 
technological field becomes skillful as fundamentals in order 
todesign. 

[0047] 

Furthermore, equivalent structure which with person to whom 
corresponding technological field becomes skillful that kind 
of it is corrected or is modified, or, makes diverse change, 
substitution and modification possible in theidea of invention 
which is described in Patent Claim range and inside the limit 
which does not sneak away from range. 

[004S] 

[Effects of the Invention] 

Like above, with invention which as for semiconductor device 
and its manufacturing method of this invention, DRAMs 
capacitor which uses conventional ferroelectric thin film has, 
solves problem on the step, as for this invention, making use 
of atomic layer vapor deposition system, in forming alumina 
and aluminum nitride (A1 2 0 3 /AIN ) compound dielectric thin 
film or aluminum nitride and aluminum oxy nitride (AIN/Al 
ON ) compound dielectric thin film with dielectric thin film 
between electrode depending, electrical conductivity 
polysilicon which is adopted for conventional semiconductor 
DRAMs step continuing as bottom electrode,using, it did not 
cause, chemical reaction such as substitution of dielectric 
substance between electrode, it materialized DRAMs 
capacitor which possesses ferroelectric thin film which has 
satisfactory step n bar ridge. 
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[0049] 

In addition, capacitor and its manufacturing method which for 
high integration DRAMs charge accumulation possess the 
dielectric thin film of high dielectric constant which remains 
problem inside thin film of the hydrocarbon minimization is 
done are offered with satisfactory oxidative strength 
andexcellent insulating characteristic. 

[Brief Explanation of the Drawing(s)) 

[Figure 1] 

It is a graph which displays one example of structural 
influence of DRAMs capacitor attendant upon trend to high 
integration of semiconductor step. 

[Figure 2] 

It is a step sequence figure which displays formation method 
of DRAMs capacitor inaccordance with first Working 
Example of this invention. 

[Figure 3] 

It is a step sequence figure which displays formation method 
of DRAMs capacitor inaccordance with first Working 
Example of this invention. 

[Figure 4] 

It is a step sequence figure which displays formation method 
of DRAMs capacitor inaccordance with first Working 
Example of this invention. 

[Figure 5] 

It is a enlarged view which displays one example of site of 
dotted line circle 180 of Figure 4 " Figure 7 and Figure 8. 

[Figure 6] 

It is a drawing which displays one example of atomic layer 
vapor deposition (ALD ) source gas stream entrance order 
which you follow first Working Example of this invention. 

[Figure 7] 

It is a sectional view which shows one example of DRAMs 
capacitor which you follow the second Working Example of 
this invention. 

[Figure 8] 

It is a sectional view which shows one example of DRAMs 
capacitor which you follow the third Working Example of this 
invention. 

[Figure 9] 

It is a step sequence figure which displays formation method 
of DRAMs capacitor which youfollow 4 th Working Example 

„ r *u:~ : 
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of this invention. 
[Figure 10] 

It is a step sequence figure which displays formation method 
of DRAMs capacitor which youfollow 4 th Working Example 
of this invention. 

[Figure 11] 

It is a step sequence figure which displays formation method 
of DRAMs capacitor which youfollow 4 th Working Example 
of this invention. 

[Figure 12] 

it is a sectional view which shows one example of DRAMs 
capacitor which you follow 5 th Working Example of this 
invention. 

[Figure 13] 

It is a sectional view which shows one example of DRAMs 
capacitor which you follow 6 th Working Example of this 
invention. 

[Explanation of Symbols in Drawings] 
100 

semiconductor substrate 
101 

silicon oxide film 
102 

compilation polysilicon bottom electrode 
103 

alumina (Al 2 0<SB>3</SB> ) thin film 
104 

aluminum nitride (A1N ) thin film 
105 

plate (plate ) polysilicon upper electrode 
115 

Al 2 0<SB>3</SB> AIN compound dielectric film 
125 

Al 2 0<SB>3</SB>/A1N compound dielectric film 
135 

Al 2 0<SB>3</SB>/A1N compound dielectric film 
200 

aluminum nitride (A1N ) thin film 
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201 201 

(A10N) aluminum oxy nitride (Al ON ) 

202 202 

' * * '(plate)" " ' ' * "JtSflltfij plate (plate ) polysilicon upper electrode 
Drawings 

HI ' ' [Figure 1J 
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electrode constituting a charge storage capacitor, over which an alumina 
103 is formed by an atomic layer vapor-deposition method. Being amorphous, 
the alumina film is excellent in step coverage, almost to 100%. Then the 
alumina layer 103 and an aluminum nitride layer 104 are repeatedly formed 
by the atomic layer vapor-deposition method in situ, forming an A1203/A1N 
composite dielectric thin film 115, over which a doped polysilicon is 
vapor-deposited to form the upper part electrode of a DRAM capacitor. 
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